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SYSTEM AND METHOD FOR DESIGNING, SYNTHESIZING AND ANALYZING 
COMPUTER GENERATED MECHANISMS 

Priority 

This application is related to and claims priority under 35 U.S.C. § 1 19(e) to U.S. Provisional 
Patent Application Serial No. 60/212,206, filed June 16, 2000, entitled "SYSTEM AND 
METHOD FOR SYNTHESIZING AND ANALYZING COMPUTER GENERATED 
MECHANISMS", the contents of which are hereby incorporated by reference in their 
entirety. 

Field of the Invention 

The present invention relates generally to design, synthesis and modeling of 
mechanisms, and more specifically to computerized mechanism synthesis and analysis on 
computer applications such as Computer Aided Design (CAD). 

Background of the Invention 

Designers and engineers alike are constantly challenged to design, build, and 
implement new and varied constructs to satisfy market demands. Interestingly, there lies a 
commonality of basic design components and engineering fundamentals among all constructs. 
Using these concepts, designers and engineers are capable of creating a variety of 
mechanisms (e.g. from a simple toy to complex robotic systems). A mechanism is generally a 
combination of geometric bodies that constitute a machine or part of a machine or device with 
moving part(s) that move in order to perform a function. Also, they may contain rigid or 
resistant bodies formed and connected so that they move with definite relative motions with 
respect to one another. However, mechanism design requires a number of complex 
calculations to ensure that the designed mechanism is capable of performing intended 
functions. These calculations can completely engross the most proficient designer and/or 
engineer and, if left to manual acumen is an extremely daunting task. 

With the proliferation of computing technologies, computing applications have been 
and are being developed to assist designers and engineers to perform calculations required for 
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the design and analysis of mechanisms. The most commonly used computing application for 
design is a Computer Aided Design (CAD) computing application. Generally, CAD is 
considered the modeling of physical systems on computers, allowing both interactive and 
automatic analysis of design variants, and the expression of designs in a form suitable for 
manufacturing. A designer or engineer using CAD is afforded the ability to create, model, 
and analyze desired physical systems in a computerized realm. However, the functionality 
offered typical CAD applications is generally directed towards the creation and manipulation 
of graphic representations of a desired construct and not the design of mechanisms. 

A common characteristic of graphics and analysis applications is how parts, whether 
mechanical, electronic or of whatever kind are designed. They are typically designed in an 
interactive mode. That is, the part, as far as already designed, is displayed on a display device 
(e.g. as two-dimensional, or as perspective view) such as a CRT (cathode ray tube) or an LCD 
(liquid crystal display). The user enters commands via appropriate input means, preferably a 
computer mouse, a graphics tablet or a light pen in order to complement or modify the 
existing structure. When the editing process is finished, i.e., the part is defined, it may be 
plotted or otherwise be reproduced. Further, it is also possible to generate and communicate 
CAD information to an interface that can directly control a numerically controlled machine 
tool, in order to manufacture a physical representation of the object (e.g. a Computer Assisted 
Manufacturing (CAM) interface). 

Typically, CAD provides a designer with tools to facilitate the drawing, rotating, 
scaling, or moving of a desired construct. These functions are accomplished by selecting the 
items to be manipulated and then entering a suitable command through a user interface such 
as a keyboard or mouse to apply the sought after function. In addition, some CAD 
applications may provide additional functionality in the form of analysis tools to assist a 
designer in modeling the behavior of a desired construct. 

Similar to CAD, development has been made in the computing industry to provide 
computing applications that have the ability to perform complex modeling and analysis of 
created constructs (e.g. the modeling and analysis of mechanisms). These computing 
applications allow engineers to model mechanisms and their corresponding linkages by 
specifying linkage lengths and the joints between links. Once the links and joints are defined, 
specialized inputs are added to the model to define the input motion of the mechanism. This 
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process has significantly reduced the time to analyze mechanisms as compared to traditional 
ruler and compass calculation methods. 

In design, defining a mechanism's function is a crucial component of design. For 
example, a designer contemplating the design of a mechanism for a car trunk hood may be 
5 required to determine if the car trunk hood will behave in harmony with the rest of the car. In 
other words, the function of the trunk may be specified to work properly with the car. The 
proper function of the mechanism that opens the trunk could be defined such that the trunk 
hood be able to reach three positions; a closed position, an open position, and a semi open 
position where the trunk hood does not interfere with the body of the car. Conventionally, the 
AD designer or engineer is left with the very difficult task of figuring out how to design a trunk 
'0 mechanism that will achieve the desired function of having the parts (in this case, the hood) 
03 be in the desired positions. Once the designer or engineer calculates what he or she believes 
; S may be a solution for the mechanism, he or she inputs the data into an analysis computer 
;>> a ided design program to test whether it will work. The general method for representing the 
.= 1 5 trunk hood is to use a point in space and an angular reference to represent the angle of the 
- trunk hood. For example the trunk hood could initially be located in 3D (X,Y,Z) space at a 
\t 0,0,0 position and be horizontal with an angle of 0 degrees. The final position could have the 
□ trunk hood a 10,10,0 position in a vertical position with an angle of 90 degrees. The solution 
set to this problem is infinite, but the designer or engineer is limited by his own assumptions 
20 and/or his skill, experience, time and cost to design, build, test, and then iterate until he or she 
finds a satisfactory solution. If additional requirements are given, such as the links of the 
mechanism must fit into the car body, then many of the solutions will not meet the 
mechanism requirements, and the designer or engineer will have a more difficult time finding 
solutions or may have to limit the requirements and/or modifications he or she desires to 
25 make to the mechanism. Often the designer or engineer is forced to perform an iteration 

process involving several design and redesign attempts to achieve a mechanism that behaves 
within the set of predefined parameters. Such practice demands significant time and energy 
from designers and/or engineers. Additionally, the engineer or designer generally has great 
difficulty visualizing how the trunk hood will move in 3D space between the initial, 
30 intermediate and final positions when functional requirements are defined solely by three 
points and angular references at those points. 
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Synthesis, on the other hand, is a method of designing mechanisms starting with a 
desired function. Therefore, solutions are found much more quickly, without such an 
extensive iteration process. Furthermore, by being enabled to first select desired part 
positions (i.e., the desired function of the mechanism) and having functional mechanism 
5 requirements data be extracted from such positions and put into the solver, the designer or 
engineer could actually visualize the mechanism solutions and parts in space and significantly 
reduce the time, cost, and other limitations involved and achieve infinite solutions for the 
desired mechanism. 

From the foregoing it is appreciated that there exists a need for mechanism synthesis 
10 and analysis systems and methods that overcome existing practices of the prior art. It would 
'0 thus be advantageous to provide systems and methods that better help define the function of 
=; 0 the desired mechanism. Therefore, a system that could extract the functional mechanism 
j ~ requirements (the points in space and the angular references) from CAD data is highly 
^fi desirable. By doing so, the present invention is left to extract the functional mechanism 
=1 5 requirements directly from CAD data to achieve and display meaningfully viewable 
;S mechanism solutions based on the engineer or designer's desired function for the mechanism. 

□ Summary of the Invention 

~*~ The present invention provides an apparatus and methods for the computerized 

20 graphic synthesis and analysis of mechanisms allowing for extraction of functional 
requirements directly from CAD data. 

In a computing system capable of running a computer graphics and synthesis 
application such as computer aided design (CAD), the computing system having at least one 
user interface and a display device, a mechanism or mechanism elements may be created or 
25 retrieved on a computer graphics synthesis and analysis application through operator input. 
The present invention extracts functional information from the CAD data and uses the 
inputted data to calculate a solution or solutions. The invention displays the input and 
processed parameters as graphic representations in accordance with the computer graphics 
synthesis and analysis application. 

30 
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Brief Description of the Drawings 

The mechanism synthesis and analysis apparatus and methods of the present 
invention will become more apparent and more readily appreciated from the following 
detailed description of illustrative implementations of the invention taken in conjunction with 
5 the accompanying drawings of which: 

Figure 1 shows a computer system running in accordance with the present invention; 

Figure 2 is a representation of a display screen of an exemplary computer graphics and 
synthesis application showing an inputted construct in various desired positions for 
processing by the present invention; 
10 Figures 2A-2C are screen shots showing a vector representation of the inputted 

construct moving through a desired motion path in accordance with the present invention; 

Figures 3A-3B are screen shots of the mechanism solution generated to accommodate 
the desired positions inputted for the inputted construct in accordance with the present 
invention; 

=15 Figure 3C is a screen shot showing the operation of the mechanism solution on the 

inputted construct in accordance with the present invention; 

Figures 4-4B are screen shots showing analysis features for the mechanism solution in 
accordance with the present invention; 

Figures 5-5B are screen shots showing an alternative implementation of a mechanism 
20 solution provided for the inputted construct in accordance with the present invention; and 

Figure 6 is a flowchart of the general processing performed by the present invention. 

Detailed Description of Illustrative Implementation 

Overview: 

25 Computer graphics are used today in many different areas of industry, business, 

government, education, entertainment, and in the home. In computer-aided design (CAD), 
interactive graphics are used to design components and systems of mechanical, electrical, 
electro-mechanical and electronic devices. To name a few, these systems include structures 
(such as buildings, chemical and power plants, automobile bodies, airplane and ship hulls and 

30 their contents), machines of varying complexity, optical systems and computer networks. The 
emphasis is sometimes only on producing precise drawings of components and 
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(sub)assemblies, as in online drafting and architectural rendering. More frequently, however, 
the emphasis is on interacting with a computer-based model of the component or system 
being designed in order to test, for example, its mechanical, electrical or thermal properties. 
Often the model is interpreted by a simulator (an additional computing application interacting 
5 with the CAD application) which feeds back the behavior of the system to the display console 
operator for further interactive design and test cycles. 

In general, computer graphics systems comprise an input unit (e.g. keyboard, mouse, 
graphics tablet, or stylus pen), a processing unit (CPU), a display device (e.g. CRT or LCD), 
and an output unit (e.g. plotter and printer), hi use, the designer enters specific instructions 
10 into the processing unit through the input unit to prepare an intended design item (drawing). 
During the design process or upon completion thereof, the processing unit causes the display 
- unit to display a design image, or causes the output unit to make a printout. 

A design item may be assembled from line segments, circles and arcs for example. 
Each of the line segments can be defined by the coordinates, in an XYZ-coordinate system, of 
1 5 the respective ends of the line segment. Each of the circles can be defined by the 

XYZ-coordinates of the circle center point as well as the radius of the circle. Each of the arcs 
can be defined by the XYZ-coordinates of the respective ends of the arc as well as the radius 
z of the arc. Further, either of the above-described design elements can also be defined by 

polar coordinates combined with radius values (where applicable). However, 
20 XYZ-coordinates and polar coordinates are mutually convertible, so that the difference 
between the two methods of performing element definition is insignificant. It should be 
appreciated that the element definition data may additionally include pieces of information 
relating the kinds of lines (e.g. thick lines, thin lines, broken lines, chain lines, and so forth) 
and/or the colors of lines. Moreover, sophisticated applications may contain rendering 
25 functionality which applies textured surfaces to created structures indicating shadows and 
light reflections. 

Further, a design item is formed by entering definition data for various design 
elements through the keyboard or by plotting the end points for a line segment on the display 
device. The designed image is stored in the memory not as image data but as a combination 
30 of the definition data for the various elements. Thus, the element definition data stored in the 
memory can be conveniently used for analyzing the formed design item. 
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In the context of designing mechanisms, current CAD applications generally provide 
modeling and analysis functions, offering limited functionality as to the design of 
mechanisms based on desired function(s). Those CAD applications that do provide 
mechanism design and analysis functions, however, even to the extent that they allow for 
synthesis of mechanisms, do not assist participating designers and/or engineers by extracting 
CAD data to specify functional mechanism requirements. Rather, the arduous and often time- 
consuming and mind-numbing task of mechanism synthesis and analysis is left to the 
participating designer and/or engineer without the ability to visualize solutions based on CAD 
data in a meaningful way. 

For example, a designer and/or engineer may be charged with the task of designing a 
trunk hood for a car. The trunk hood is to have specific dimensions so that it can cooperate 
with the rest of the designed car frame. In addition, the trunk hood is to have a specific 
degree of motion such that it can open and close through a pre-determined arc. Using current 
practices, the designer and/or engineer is left to first model the trunk hood in a modeling 
environment (e.g. CAD design environment) to ensure that it meets required dimensional 
specifications. From there, the designer and/or engineer would engage in an iterative process 
of designing possible mechanism solutions (possibly by using the analysis functionality 
offered by the CAD computing application to test it after it is already designed and built) to 
operate on the designed trunk hood in an effort to meet positional specifications for the trunk 
hood. This process can be extremely time consuming and frustrating resulting in endless 
hours of wasted time, time that may be better spent in other design efforts. Even in the event 
the designer or engineer is able to use synthesis techniques to design the mechanism, he or 
she is unable to visualize the working mechanisms' parts in space to actually understand the 
mechanism solutions sufficiently. 

The present invention ameliorates the shortcomings of the prior art by providing 
mechanism synthesis and analysis systems and methods that allow designers and/or engineers 
to synthesize mechanisms to operate desired constructs by processing inputs (e.g. parameters) 
representing desired mechanical constructs. The construct could then be modeled in three- 
dimensional space having a beginning, end and/or other positions. The computing application 
would then extract point and angular data from the 3 dimensional input positions. These 
systems and methods may generate, display, and animate a mechanism having these 
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calculated mechanism characteristics in accordance with the user inputs. By doing so, drastic 
inefficiencies are reduced and designers, and engineers alike, are afforded the ability to model 
their mechanical constructs to see if they would be a feasible part of their intended overall 
design. In the example of the trunk hood, the engineer may envision a first design for a trunk 
5 hood based on dimensional specifications and function. Using the present invention, the 
designer and/or engineer inputs dimensional and functional design parameters (e.g. size and 
shape of trunk hood and starting position and end position) for the envisioned trunk hood. 
The present invention processes these parameters (e.g. using position data of the inputted 
construct and extracting point and angular references) and synthesizes mechanisms that 
LQ operate on the inputted construct to perform the desired functions. In this case, mechanisms 
-0 would be synthesized to allow the trunk hood to move from an open to a closed position in 
m accordance with required functional specifications. 

j = As will be described below with respect to Figures 1 -5, the present invention is 

W directed to a system and methods that enable the calculation and synthesis of mechanisms to 
=15 generate mechanism solutions based on inputted desired functions such as part positions by 
= 5 extracting functional requirements data from such inputted data so that the designer or 
?I engineer can view the mechanism solutions in space and thereby design the desired 
□ mechanism or mechanisms. In accordance with an illustrative implementation thereof, the 
r present invention comprises a system and method that couples an operator with the graphic 
20 representation of a desired function, allowing calculation and synthesis of mechanisms to 
generate mechanism solutions based on inputted desired functions such as part positions by 
extracting functional requirements data from such inputted data so that the designer or 
engineer can view the mechanism solutions in space and thereby design the desired 
mechanism or mechanisms. 
25 In an illustrative implementation, described more fully hereinafter, the methods and 

apparatus of the present invention may be implemented as part of a desktop computer system 
having a graphic synthesis and analysis computing application, such as computer aided design 
(CAD), employing at least one input interface device, a microprocessor, memory, and a 
display device. Although the depicted embodiment provides a CAD computer synthesis and 
30 analysis computing application running on a desktop computer system having one computer 
processing unit, a mouse, a keyboard, and a cathode ray tube (CRT) display device, those 
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skilled in the art will appreciate that the inventive concepts described herein extend to various 
types computer graphics design, synthesis and/or analysis computing applications running on 
various types of computer systems having different computing interfaces running different 
computing operating systems and having varying hardware configurations. 

System Description and Processing: 

Figure 1 shows computer system 100 having a processing unit 110, an operator input 

interface keyboard device 120, an operator input interface pointer device 130, and display 

device 140. Computer processing unit 110 contains a microprocessor or another central 

processing unit (CPU), memories, and all associated electronics to run various computing 

applications. The computing system 100 runs a computer graphics synthesis and analysis 

application 142 (e.g. such as CAD) on computer processing unit 110. In an effort to 

synthesize a mechanism, an operator (not shown) inputs instructions to computer graphics 

synthesis and analysis application 142 through operator input interface keyboard device 120 

or operator input interface pointer device 130. Operator inputs are processed by computer 

graphics synthesis and analysis application 142 on computer processing unit 1 10 to create 

data sets. Additionally, the operator inputs are used by computer graphics synthesis and 

analysis application to calculate parameter specific to operator inputs. The data sets and 

parameters correlate to graphic representations within computer graphics synthesis and 

analysis application 142 that can be displayed to an operator on display 140 in parameter 

display areas 150(a) and 152(a). 

Furthermore, in an illustrative implementation computer graphics and synthesis 

application 142 provides the operator the ability to input data relevant to a desired construct 

(e.g. car door, a crane arm, a drawbridge, etc.) or construct part such that the computing 

application may calculate and synthesize mechanisms based on inputted desired functions 

such as part positions by extracting functional requirements data from such inputted data so 

that the designer or engineer can view the mechanism solutions in space and thereby design 

the desired mechanism or mechanisms. This operation is achieved by first providing a 

desired construct in a first desired position and a second desired position, for example. The 

input process is achieved through the use of operator input interface keyboard device 120 or 

operator input interface pointer device 130. When communicating with computer graphics 
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and synthesis application 142, a participating user inputs instructions to computer graphics 
synthesis and analysis application 142 through operator input interface devices 120 and 130. 
Operator interfaces 120 and 130 act to control graphic pointer 144 of computer graphic 
synthesis and analysis application 142. Pointer 144 has freedom of movement within 
5 computer graphic synthesis and analysis application 142. Computer graphics and synthesis 
aipplication may process the inputs received from a participating user to calculate and 
synthesize a mechanism capable of traveling in through the first and second inputted 
construct positions. 

Figure 2 shows computer graphics and synthesis application 142 displaying an 
10 exemplary inputted construct 200'. Exemplary inputted construct 200' maybe communicated 
=0 by participating users (not shown) to computer graphics and synthesis application via operator 
m interfaces (not shown) controlling graphic pointer 144. As shown, exemplary inputted 
j if construct 200' comprises car body 205 and trunk hood 200. Trunk hood 200 is inputted in 
1 11 three positions, a start position A, a mid (semi-closed) position B, and a final position C. The 
~15 three positions inputted may represent trunk hood 200 in the closed, semi-open, and open 
; J positions. Computer graphics and synthesis application 142 receives these graphical 

parameter inputs and calculates and synthesizes a mechanism that may travel in accordance 
p with the desired function of construct 200, that is the movement of trunk hood through 
^ positions A, B, and C respectively. Without this improvement, an engineer or designer may 
20 be relegated to first design and build a construct and hope that the construct contemplated 
behaves in an appropriate manner to make the construct feasible in an overall design. 

Figures 2A and 2B shows the relevant data that is extracted from inputted construct 
200' in its various positions that may be used to synthesize mechanism solutions that will 
allow the construct to move through the inputted positions. As shown construct 200' 
25 comprises car body 205 and trunk hood 200 in three positions A, B, and C, respectively. The 
trunk hood 200 may be represented by vectors 210, 215, and 220 such that vector 210 
provides a position value 200 and an angle value 210(a) representative of trunk hood 200 
being in position A. Similarly, vector 215 provides a position 215 and an angle value 215(a) 
that is representative of trunk hood 200 having position B. Lastly, vector 220 provides a 
30 position value 220 and an angle value 220(a) representative of trunk hood 200 being placed in 
position C. The present invention extracts vectors 210, 215, and 220 from information 
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inputted to generate trunk hood 200 in positions A, B, and C in the modeling space of 
exemplary computing application 142. Figure 2C shows trunk hood 200 traveling through 
positions A, B, and C as represented by vectors 210, 215, and 220. 

Using the extracted vector information, the present invention is capable of 
5 synthesizing mechanism solutions (e.g. one or more mechanisms and mechanism 

components) that would allow trunk hood 200 of inputted construct 200' to move along a 
motion path represented by positions A, B, and C. Figures 3-3C show an exemplary 
mechanism solution for the presented construct problem (i.e. the synthesis of a mechanism 
that operates on trunk hood 200 such that trunk hood is allowed to move through positions A, 
10 B, and C.) Specifically, Figure 3 shows an exemplary mechanism solution for trunk hood 
=0 200 (not shown) so that trunk hood 200 (not shown) is in position A and as represented by 
j« vector 210. As shown, exemplary mechanism solution comprises ground linkage points 305 
J J; that are coupled to car body 200. Further, ground linkage points 200 are coupled to trunk 
!H hood 200 (not shown) at link points 3 1 0, 3 1 5, and 320. Link points 3 10, 3 1 5, and 320 come 
15 together to form link arm 300. Figures 3A and 3B show exemplary mechanism solution for 
; 'i trunk hood 200 so that trunk hood 200 (not shown) can be in positions B and C, respectively, 
1^ and that are represented by vectors 215 and 200, respectively. In operation, exemplary 
13 mechanism solution allows trunk hood 200 (not shown) to move through positions A, B, and 
H= C. 

20 Figure 3C shows computer graphics and synthesis application displaying a calculated 

and generated mechanism 300 that provides motion path 205 of Figure 2 and accommodates 
the inputted construct 200 of Figure 2. Unlike, conventional synthesis systems and methods, 
the present invention allows participating users the ability to observe how the synthesized 
mechanism operates on the inputted construct. Stated differently, the present invention 

25 extracts data from the inputted construct (e.g. through position data of the construct inputted 
having various desired positions) to synthesize mechanisms that may be superimposed on the 
inputted construct such that the construct and mechanism can be observed in conjunction. 
Furthermore, the present invention contemplates the animation of the inputted construct (in 
two or three dimensions) to observe the operation of the mechanism and/or the construct in 

30 real time. Figure 3C shows this feature of the present invention as the synthesized 

mechanism 300 is displayed to be operable on inputted construct (e.g. trunk hood 200). In an 
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illustrative implementation, the present invention may animate trunk hood 200 for display 
such that trunk hood 200 moves through positions A, B, and C. When animating trunk hood 
200, synthesized mechanism solution 300 can also be animated (depending on user 
preference) for display to show how the mechanism operates on the inputted construct. In the 

5 example provided, to show how mechanism solution 300 operates on trunk hood 200 to move 
trunk hood 200 through positions A, B, and C as shown in Figures 3-3B. 

In line with the described feature, the present invention is also capable of performing 
analysis on the synthesized mechanisms to provide participating users relevant information 
about the synthesized mechanisms, such as vector information, mechanisms' coupler curves, 

10 and mechanism values. Figures 4-4B illustrate this feature of the present invention. As 

I shown in Figures 4-4B, the coupler curve 400 for exemplary mechanism 300 is calculated and 
displayed as mechanism solution 300 moves trunk hood 200 through positions A, B, and C, 
respectively. As seen, coupler curve 400 changes as the mechanism moves through these 
various positions. With this feature, participating users are empowered with a effective tool 

1 5 that allows not only observation of synthesized mechanism operation but also of mechanism 

r parameters. 

Figures 5-5B show another feature of the present invention allowing the synthesized 
mechanism to be incorporated and integrated into the inputted construct. Specifically, as 
shown, mechanism solution 300 of Figures 3-3C may be incorporated with trunk hood 200 to 

20 create a real-world workable solution to the initial construct problem described above. As 
shown in Figures 5-5B, ground linkage points 505 and 510 are coupled to trunk hood 200 
such that trunk hood 200 can move through positions A, B, and C respectively. As compared 
with Figures 3-3C, Figures 5-5C show mechanism solution 300 integrated into trunk hood 
200 as opposed to being superimposed onto trunk hood providing a more real-world 

25 application for the mechanism solution. 

Figure 6 shows the processing performed by the system of the present invention to 
provide desired mechanisms. Processing starts at block 600 and proceeds to block 605 where 
a check is performed to determine if a construct has been inputted. To model the construct's 
desired function, the construct may be required to be inputted having a first and second 

30 position. If there is no inputted construct, processing reverts to block 600. However, if the 
contrary is true, processing proceeds to block 610 where the user is queried to enter variables 
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for the inputted construct. From there processing proceeds to block 615 where relevant 
position data is extracted from the inputted data to calculate and synthesize appropriate 
mechanisms that accommodate desired behavior parameters (e.g. a particular motion path) for 
the inputted construct. The user is then provided with the various variables for the 
5 mechanism at block 620. The mechanism, mechanism parameters, and construct are then 
ready for display at block 625. This may include mechanism part(s) as they would move 
through the desired positions. A check is then performed at block 627 to see if any 
modifications have been made to the presented mechanism. If modifications are made by a 
participating user to the displayed mechanism, processing reverts to block 610. However, if 
10 the contrary is true, processing proceeds to block 630 where a check is performed to 
=y determine if there are any modifications required for the inputted construct. If modifications 

are required, processing reverts back to block 610 and proceeds therefrom. However, if the 
! J contrary proves to be true, processing ends at block 435. 

Ill It is understood that the two-dimensional examples provided (e.g. exemplary 

1 5 construct, and exemplary mechanism solution) to describe the present invention are merely 
;=f illustrative of the inventive concepts described herein, and that the present invention should 
M not be limited to these examples. Rather, the present invention extends to the design, 
q synthesis, and analysis of mechanisms in three-dimensions as well. 
;= " In sum, the present invention provides a system and methods for the generating of 

20 mechanism solutions based on inputted desired functions such as part positions by extracting 
functional requirements data from such inputted data so that the designer or engineer can 
view the mechanism solutions in space and thereby design the desired mechanism or 
mechanisms, preferably using a computer aided design (CAD) computing application. It is 
understood, however, that the invention is susceptible to various modifications and alternative 
25 constructions. There is no intention to limit the invention to the specific constructions 
described herein. On the contrary, the invention is intended to cover all modifications, 
alternative constructions, and equivalents falling within the scope and spirit of the invention. 

It should also be noted that the present invention may be implemented in a variety of 
computer graphics applications. The various techniques described herein may be 
30 implemented in hardware or software, or a combination of both. Preferably, the techniques 
are implemented in computer programs executing on programmable computers that each 
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include a processor, a storage medium readable by the processor (including volatile and non- 
volatile memory and/or storage elements), at least one input device, and at least one output 
device. Program code is applied to data entered using the input device to perform the 
functions described above and to generate output information. The output information is 
5 applied to one or more output devices. Each program is preferably implemented in a high 
level procedural or object oriented programming language to communicate with a computer 
system. However, the programs can be implemented in assembly or machine language, if 
desired. In any case, the language may be a compiled or interpreted language. Each such 
computer program is preferably stored on a storage medium or device (e.g., ROM or magnetic 

LO disk) that is readable by a general or special purpose programmable computer for configuring 
and operating the computer when the storage medium or device is read by the computer to 
perform the procedures described above. The system may also be considered to be 
implemented as a computer-readable storage medium, configured with a computer program, 
where the storage medium so configured causes a computer to operate in a specific and 

15 predefined manner. 

Although an exemplary embodiment of the invention has been described in detail 
above, those skilled in the art will readily appreciate that many additional modifications are 
possible in the exemplary embodiment without materially departing from the novel teachings 
and advantages of the invention. Accordingly, these and all such modifications are intended 

20 to be included within the scope of this invention as defined in the following claims. 



